We have constructed and tested several new vectors for P elementmediated gene transfer. These vectors contain restriction sites for cloning a wide variety of DNA fragments within a small, non-autonomous P element and can be used to efficiently transduce microinjected DNA sequences into the germ line chromosomes of D. metanogaeter.
INTRODUCTION
P element-mediated gene transfer permits the introduction of cloned DNA sequences into the germ line chromosomes of a complex metazoan organism, Droaophila melanogaBter (1, 2) . Moreover, the transduced DNA sequences appear to be stably inherited and appropriately expressed in future generations (3, 4, 5) . Thus, this genetic transformation method should allow the assessment of the functional properties of genes that have been isolated and subjected to in vitro mutagenesis.
The P element-mediated gene transfer method exploits the properties of the P family of transposable elements (6, 7, 8) . A 2.9 kb P element has been Isolated from the genome of a P strain and Its DNA sequence determined (8) .
This transposable element appears to be autonomous in that it is able to transpose from plasmid sequences into the chromosomes of germ line cells after microinjection into Drosophila embryos lacking such elements (M embryos) (1) . Smaller P elements are also present 1n the genome of P strains (6, 8) and the DNA sequences of these elements suggest that they arose by internal deletion from the 2.9 kb element (8) . These smaller elements are non-autonomous; they cannot transpose when injected into M embryos (2) .
When such non-autonomous elements are coinjected with the 2.9 kb element however, they are able to transpose suggesting that the 2.9 kb element encodes a trana-acting factor required for transposition (2) . Other DNA sequences can be caused to transpose into germ line chromosomes as well, by constructing a P transposon carrying the DNA segment of interest within a non-autonomous P element (2) (3) (4) (5) .
We describe here several new non-autonomous P element vectors. These vectors are small plasmids which have many unique restriction sites for cloning DNA fragments within a P element but lack sites in the plasmid backbone outside the element. The results of testing several intermediates made in the course of constructing these plasmids reveal certain sequence requirements for P element transposition. Our results also suggest that P elements as large as 54 kb can transpose.
MATERIALS AND METHODS
Restriction enzymes and BAL-31 nuclease were purchased from New England Biolabs. T4 DNA ligase as well as Hpa I and Kpn I DNA linkers were purchased from Collaborative Research. M13mplO DNA was purchased from P-L Biochemicals.
Microinjection of Drosophila embryos and other aspects of the transformation procedure are described in detail in references 1 and 2. DNA blotting and hybridization were as previously described (9) . BAL-31 digestions were carried out at room temperature in 600 mM NaCl , 12 mM CaCl2, 12 mM MgCl2, 1 mM EDTA and 20 mM Tris-HCl pH 8 for 5 or 10 min using 6 units of BAL-31 and 20 yg of plasmid DNA. Growth of recombinant M13 phage, preparation of DNA templates and DNA sequencing using dideoxynucieotides were as described by Sanger et al. (10) except that the sequence reactions were not 1n glass capillaries, but in 1.5 ml tubes as described by Heidecker et al. (11) .
RESULTS AND DISCUSSION

Vector Construction
Plasmid vectors were constructed according to the protocol diagrammed in Figure 1 . First, the Sal I fragment of p6.1 (2) , which contains a nonautonomous P element inserted into white locus DNA (6) Sal I site of the plasmid vector pUC8 (12) to create the plasmid pCIWl.
Then two successive treatments with BAL-31 nuclease were used to eliminate undesirable restriction sites and reduce the size of the plasmid. Finally, the indicated linkers were inserted to create the plasmid vector Carnegie 1.
The Carnegie 1 vector is 3616 bp long and Its nucleotide sequence is shown in The origin of the 39 bp deletion is unclear; these nucleotides were deleted from Carnegie 1 as compared to the corresponding region of pBR322 (13) .
The Carnegie 1 DNA sequence shown was assembled as follows: The DNA sequence of pCIWl was predicted from the known sequences of pUC8 (12) Table 1 .
Tests of vectors and other constructs We first had to verify that the plasmid created by the BAL-31 treatments, The location numbers refer to the sequence shown in Figure 2 and correspond to the first nucleotide of the recognition site. All of the enzymes shown cleave Carnegie 1 either 0 or 1 time except for rilnd III and Ava I which cleave twice. All of the enzymes shown in this table are commercially available.
and from which all the vectors were derived, was still capable of acting as an efficient transformation vector. We Inserted the 7.2 kb rosy Hind III fragment into the left Hind III site of plasmid pCIW4 (see Figure 1) to create the plasmids pVIO and pVll. These plasmids differ only 1n the relative orientations of rosy and P element sequences and both were able to transfer the rosy gene at frequencies in excess of 50? (Figure 3 , experiments 1 and 2). We also inserted the same rosy fragment Into the right Hind III site of pCIW4 to create the plasmid pV9. We did not observe transfer of the rosy gene into the germ line when this plasmid vector was used, however, suggesting that insertion of foreign DNA sequences at this site in the P The apparent failure of the rosy transposons of pV1.2 and pV9 to transpose suggests that sequences, in addition to the 31 bp inverse terminal repeats of the P element, are required in cie for transposition. Previous studies of the structures of non-autonomous, but transposition competent, P elements indicate that no more than the first 139 or last 216 nucleotides of the 2.9 kb P element are required in de for transposition (8) . Taken together with those findings, the results presented here suggest that, in addition to the 31 bp inverse terminal repeats, a cie-acting sequence essential for transposition is present in the first 140 bp of the P element.
Camegie 20 was shown to be effective in transferring the rosy gene ( Figure 3, experiment 6 ) and has subsequently been used in our laboratories (unpublished results) to transfer additional DNA fragments inserted into its Hpa I site. In these latter experiments, transformants were identified by their acquisition of a rosy* phenotype. In this way, DNA segments that do not themselves confer a recognizable phenotype can be routinely transferred into the germ line. Attempted improvements in P element-mediated gene transfer P element insertions into host chromosomes occur at a wide variety of locations (2,3); no evidence for homologous recombination has been obtained. In yeast, the frequency of recombination between introduced plasmids and homologous host sequences can sometimes be substantially increased by using linear rather than circular DNA molecules (14) . Consequently we attempted to transfer rosy genes carried on linear DNA fragments. However, our attempts were unsuccessful regardless of whether the rosy gene was within a P element or not (Figure 3, experiments 7 and 8) . Moreover, we did not observe any GO expression in these experiments suggesting either that the microinjected DNA was degraded or that linear fragments are poor templates for RNA transcription.
Although the relative amounts of autonomous and nonautonomous P elements injected Into embryos are designed to favor introduction of the non-autonomous element, occasionally transformed strains are obtained which have acquired an autonomous element as well. This problem could potentially be eliminated by the use of a transposition-defective P element which was still able to provide transposition functions in trans to non-autonomous elements. ' o: tr C Figure 4 . Analysis of the structure of transferred rosy genes in line R310.1. The line R310.1 was generated by transformation of the rz/42 host strain with pryl, a rosy transposon plasmid constructed by inserting the 8.1 kb rosy Sal I fragment into the Xho I site of p6.1 (2) . DNA was isolated from the host strain rj/42, which carries an apparent point mutation in the rosy gene (W. Bender and A. Chovnick, personal communication), and from two individual sublines of line R310.1. Sal I and Hind III digests of these DNAs were electrophoresed on Q.5% agarose gels and transferred to nitrocellulose filters to make three sets of identical filters. Each set of filters was hybridized with a different 32p-labeled plasmid probe as indicated: pDm2844S8.5 contains the 8.1 kb rosy Sal I fragment cloned in pBR322. pml2.8 is a pBR322 clone of the 1.5 kb white locus Sal I fragment into which the P element is inserted in p6.1. The third probe was pBR322 alone. Autoradiograms of the resultant hybridizations are shown. The sizes of labelled bands are indicated in kb. A diagram of the genomic arrangement of pryl sequences deduced from the data in the autoradiograms is also shown. P element sequences are shown fully shaded, pBR322 sequences stippled, rosy sequences cross-hatched and white sequences unshaded.
However, we were unsuccessful in our initial attempts to construct such a mutated 2.9 kb P element. Removal of either the first 39 (PTT25.7A1) or last 492 bp (pn25.7a2) of the 2.9 kb P element carried on the plasmid p*25.7, destroyed its ability to provide the required trans-acting functions ( Figure   3 , experiments 9-11).
Evidence for transposition of a 54 kb P element (Figure 4) . The relative Intensities of the hybridizations to various bands indicate that there are four copies of the ryl transposon in this tandem array. This can be most clearly seen in the hybridization of pDM2844S8.5 to Sal I digests ( Figure 4 , leftmost panel). The 8.1 kb fragment derives from the two mutant genomic copies of the roey gene (one on each homologue) present in the ry host strain. R310.1 DNA was prepared from flies heterozygous for the chromosome carrying the transferred ryl transposon DNA. Thus, the equivalent intensities of hybridization to the 8.1 and 10.8 kb fragments indicate that the 10.8 kb fragment is present twice in the tandem array. The 18 and 22 kb Sal I fragments both contain a single rosy transposon as well as genomic sequences adjacent to the tandem array (see diagram in Figure 4 ). The structure of this array suggests that it arose by the transposition of a large composite P element from a tetramer piasmid. The tetramer piasmid could have been generated by homologous recombination of monomer plasmids either in E. ooli, during growth of the plasmid-containing strain, or in the Drosophila embryos following microinjection. Such recombination between plasmids to produce multinters is known to occur both in recA~ E.coli (15) and 1n mammalian cells (16) . Alternatively, such a tandem array could be generated by a normal P transposon integration followed by successive events of homologous recombination between the integrated chromosomal sequences and free circular piasmid DNA as has been observed in yeast (17) . Given the failure to observe homologous recombination between injected DNA sequences and their chromosomal homologues in Drosophila (2), we feel that this latter mechanism is highly unlikely in this case. Thus, although the frequency of transfer may be greatly reduced, these results suggest that P elements as large as 54 kb can transpose from plasmids Into chromosomal sequences.
